Our knowledge about the risk factors influencing the individual risk of cardiovascular disease is considerable and continuously growing. A family history of myocardial infarction (MI) is a well established risk factor for cardiovascular disease as demonstrated in several types of studies. [1] [2] [3] [4] [5] [6] In a previous study, we showed that subjects with a family history of MI had an adverse cardiovascular risk factor profile with regard to blood pressure, % cholesterol, ratio between high density lipoprotein cholesterol (HDL cholesterol) and % cholesterol, and smoking habits, and that these risk factors therefore may be mediators of the familial predisposition to MI.
(J Epidemiol Community Health 1999;53: [269] [270] [271] [272] [273] [274] [275] [276] Our knowledge about the risk factors influencing the individual risk of cardiovascular disease is considerable and continuously growing. A family history of myocardial infarction (MI) is a well established risk factor for cardiovascular disease as demonstrated in several types of studies. [1] [2] [3] [4] [5] [6] In a previous study, we showed that subjects with a family history of MI had an adverse cardiovascular risk factor profile with regard to blood pressure, % cholesterol, ratio between high density lipoprotein cholesterol (HDL cholesterol) and % cholesterol, and smoking habits, and that these risk factors therefore may be mediators of the familial predisposition to MI. 7 Many cardiovascular risk factors aggregate within families, suggesting that genetic factors and/or shared environmental factors make significant contributions to the incidence of the disease. [8] [9] [10] [11] Cardiovascular disease is probably a result of interactions between several genetic and environmental factors, 8 12 but comprehensive analyses of gene-environment interactions are missing. 13 Familial predisposition includes independent components, the mechanism of which is unknown. This familial predisposition could be attributable to either unknown risk factors or transmissable susceptibility to the eVect of known or unknown risk factors. We hypothesise that subjects with a family history of MI may be more susceptible to the adverse eVect of cardiovascular risk factors than subjects with no family history of MI.
Methods

STUDY POPULATION
This study is based on The Copenhagen Centre for Prospective Population Studies in which data from three Danish prospective population studies have been pooled: The Copenhagen City Heart Study (15 786 women and men aged 20-98 years at study entry), 14 The Glostrup Population Studies from the Copenhagen County Centre of Preventive Medicine, including the DAN-MONICA studies (10 064 women and men aged 30 to 70 at study entry), 15 16 and The Copenhagen Male Study (5244 men aged 55 to 75 at study entry). 17 A total of 25 291 subjects, from those subpopulations where information on family history of MI was requested at the baseline examination, were included in the present analysis (the question was not posed to the remaining 5803 subjects). Subjects with MI before enrolment in the population studies were excluded (n= 627). Thus 11 472 women and 13 192 men aged 20-93 years (mean 51.2) at the baseline examinations were included in the analyses.
CARDIOVASCULAR RISK FACTORS
The population studies included assessment of cardiovascular risk factors. Most subjects were drawn as random samples from the background population in the city of Copenhagen and its suburbs, but subjects in The Copenhagen Male Study were drawn from major Danish work sites in the Copenhagen area. Response rates varied between 70 and 88%. The studies were approved by the Danish Ethics Committee, and all subjects gave informed consent.
Information on family history of MI, smoking habits, alcohol intake, physical activity level, educational level, and diabetes mellitus was obtained by questionnaire. There were minor diVerences in the questionnaires between the population studies, which were unimportant with regard to the classification of the subjects in the present study. Systolic and diastolic arterial blood pressure, % cholesterol, HDL cholesterol, LDL cholesterol, % triglycerides, height, and weight were measured at the health examinations.
Family history of MI was defined as people reporting MI in either the mother or the father. The questions were: "Did your mother ever suVer from MI" and "Did your father ever suffer from MI". This definition included subjects with missing information in either the mother or the father if the answer about the other parent was positive. If one of the answers were negative and the other missing, or if both answers were missing, family history of MI was coded as missing.
Smoking habits were studied both as a dichotomous variable; current smoking, yesno, and as an ordinal variable with the following levels: non-smokers; ex-smokers; 1-14 g tobacco/daily; and more than 15 g tobacco/ daily for women, and 15-24 g tobacco/daily, and more than 25 g tobacco/daily for men. Ex-smokers were excluded from the interaction analysis because of the heterogeneous composition of this group (n= 4626 corresponding to 19% of the subjects). Inhalation at the time of investigation was included as a dichotomous variable.
Alcohol intake: the subjects were classified according to their total weekly intake of alcohol: less than one beverage a week; 1-6 beverages per week; 7-13 beverages per week; 14-27 beverages per week; 28-41 beverages per week, and more than 42 beverages per week. One beverage contains 9-13 g alcohol.
Physical activity in leisure time was recorded as three groups; (1) none or very little, (2) moderate physical activity less than four hours per week or light physical activity over a longer period, and (3) moderate physical activity more than four hours per week or competitive sports.
Physical activity at work was recorded as four groups; (1) sitting, (2) standing/walking, (3) walking and lifting, and (4) physically demanding. Unemployed subjects were not included in the analysis of this variable because of the heterogeneous composition of the group (n= 2045 corresponding to 8% of the subjects).
Educational level: the subjects reported years of schooling and were divided into three categories: (1) less than eight years, (2) 8-11 years, and (3) more than 11 years.
Arterial blood pressure was measured after at least five minutes rest. KorotkoV's first and fifth sounds were used as systolic, and diastolic phase 5 blood pressure, respectively.
Blood lipids were non-fasting in the Copenhagen City Heart Studies and fasting in the other population studies. % Cholesterol, % triglycerides and HDL cholesterol were analysed by standard methods. LDL cholesterol was determined indirectly according to Friedewald's equation. 18 Approximately 2% of the study population had a % triglyceride level above 4.5 mmol/l, a concentration where the indirect LDL cholesterol determination becomes unreliable. However, excluding subjects with % triglyceride concentration above 4.5 mmol/l did not materially aVect the results, and we therefore used the indirectly estimated LDL cholesterol for all subjects.
Arterial blood pressure, % cholesterol, HDL cholesterol, LDL cholesterol, % triglycerides, height, and BMI were divided into quartiles or quintiles as appropriate within the population studies of origin, sex, and 10 year age groups. Thus, these risk factors were allowed to vary with age, and possible diVerences between the population studies were taken into account.
Body mass index was calculated as weight (kg) divided by height squared (m 2 ).
FOLLOW UP
Information on fatal and non-fatal MI was obtained from the Cause of Death Register at the National Board of Health and from the National Hospital Discharge Register. International diagnostic criteria for myocardial infarction were used (ICD-8 diagnosis number 410).
Time of observation was recorded as the period from the initial examination until first hospitalisation from MI or death from MI (event), or until death from causes other than MI, disappearance, emigration or survival without MI until 31 December 1993 (censoring). The average follow up time was 12.3 years (range 0-17), and follow up was more than 99% complete. Less than 1% were censored because of emigration or disappearance.
STATISTICAL METHODS
The purpose of the analyses was to elucidate potential interactions between family history of MI and other cardiovascular risk factors in their eVect on the incidence of MI. Data were analysed by means of multiple Poisson regression analyses with age as time scale. 19 All Poisson analyses were stratified by sex, and controlled for population study of origin and age in five year bands.
A lexis expansion of the data set was used to divide the individual follow up period into age bands of five years after the age of 45 and until the age of 90. 19 The incidence of MI was considered constant in each five year age interval. A person observed in more than one age group contributed with corresponding observation time in both groups.
Analyses of MI incidence in subjects with versus without a family history were performed at diVerent age cut oVs: (1) less than 50 years, (2) less than 60 years, and (3) less than 70 years.
A first series of models included age, population study of origin, and one of the risk factors. These results were given in terms of relative risks (RR) and 95% confidence intervals (CI).
In a second series of models, eVects of the risk factors were tested for linearity by means of a log linear Poisson model, where the risk factor was included as an ordinal variable. A log likelihood ratio test, where the mean in the Poisson distribution was assumed to be proportional with the time of risk, was used to test if the risk factor showed linearity. If linearity is present, this analysis provides a more sensitive assessment of the interaction. These analyses were made separately for subjects with and without a family history of MI (stratified for family history of MI). The log relative risk ( ) and standard error (SE) of the risk factors are given in a separate table.
In a third series of models, we tested if the s of the risk factors diVered in subjects with and without a family history of MI, using a Wald test. 19 Interaction was considered significant if the s diVered at a 5% level. As many tests were performed we expected some of them to be significant just by chance. Therefore, we also took into account the level of significance below 5% and the consistency of the results with previous studies and between the sexes in the interpretations.
In a fourth series of models, all analyses were repeated including relevant confounding variables previously found to have significant influence on the incidence of MI (systolic blood pressure, % cholesterol, % triglycerides, diabetes mellitus, BMI, current smoking, weekly alcohol intake, physical activity level, and educational level). In the models analysing the interaction between eVect of family history of MI and eVect of each of the risk factors on incidence of MI, all the abovementioned risk factors were included as confounding variables.
As part of our analysis, we tested the robustness of the results at diVerent definitions of the variable "family history of MI" by including the missing values in diVerent ways: (1) by excluding all subjects with missing values (the most restrictive definition), and (2) by including all missing values as "not having family history of MI".
The statistical analyses were made on a PC using the statistical package Stata, version 5.0.
Results
Among the 24 664 participants, 378 fatal and 1385 non-fatal events occurred during 293 559 person years of observation. Mean age of those who developed MI was 66 years. A total of 19 047 subjects (78%) of those to whom the questions were posed, did answer the question on family history of MI. A total of 4012 subjects reported a family history of MI, corresponding to 21% of the responding participants (table 1) .
In both sexes, the number of subjects with missing values was less than 3% for most risk factors. However, in the Copenhagen City Heart Study, HDL cholesterol was not measured at the first examination in 1977, and triglycerides were not measured at the second examination in 1982. The number of subjects included in the analyses of HDL and LDL cholesterol therefore, was only 49%, and only 92% were included in the analyses of % triglycerides.
RISK FACTOR DISTRIBUTION BY FAMILY HISTORY OF MI
As previously reported, 7 there was a tendency to higher blood pressure, % cholesterol, LDL cholesterol, % triglyceride, and BMI, and towards lower HDL cholesterol in subjects with a family history of MI as compared with subjects without such a history. In both men and women, subjects not answering the question on family history of MI had a lower education and were less likely to be in the highest HDL quartile. Among men, the percentage of smokers and inhalers was slightly higher in subjects not answering the question than in subjects answering the questions while female non-responders tended to be minimum users of alcohol.
RISK FACTORS AND INCIDENCE OF MI
The RR of MI in subjects with a family history of MI compared with no family history of MI was 1.47 (1.17-1.85) in women, and 1.31 (1.12-1.53) in men (table 1). In both sexes, the RR of MI in subjects with versus without a family history of MI decreased with increasing age of subjects (table 2) .
Family history of MI, arterial blood pressure, % cholesterol, LDL cholesterol, % triglycerides, BMI, diabetes mellitus, smoking habits, and inhalation were, as expected, strongly and positively associated with incidence of MI in a monotonous, independent, and consistent way. HDL cholesterol, height, alcohol intake, physical activity level in leisure time and educational level were all inversely associated with incidence of MI. Physical activity at work was not associated with incidence of MI in this population. The age and population study adjusted RRs and 95% CI for the risk factors are shown in table 3. In both women and men, and in subjects both with and without a family history Table 4 shows the statistical assessment of the interaction between family history of MI and the risk factors on the incidence of MI. We found no significant interactions on the incidence of MI between family history of MI and most of the investigated risk factors. In men, we found a significant interaction (p<0.001) between family history of MI and HDL cholesterol on the incidence of MI. Here, the decreasing incidence of MI with increasing HDL cholesterol values was apparent only in subjects who had no family history of MI. In women, there was a strong negative association between HDL cholesterol and incidence of MI, irrespective of family history, and no statistically significant interaction was observed (fig 1) .
We found a significant interaction (p<0.05 in women and 0.02 in men) between family history of MI and inhalation, but the results were in opposite directions in women and men. In women, a family history of MI reinforced the eVect of inhaling on incidence of MI, whereas in men a family history of MI dampened the eVect.
In women, we found a significant interaction (p<0.01) between family history of MI and alcohol intake, whereas no such interaction was found in men; the decreasing incidence of MI with increasing alcohol intake was only present in women without a family history of MI.
In summary, we found no interaction between family history of MI and most risk factors in their eVect on the incidence of MI, and where we found interactions, the results were inconsistent in women and men.
CONFOUNDER AND ROBUSTNESS ANALYSIS
The influence on the hypotheses tested of the age of MI in the probands was analysed. None of the interaction analyses, as presented in table 4, were significantly influenced by To exclude that a healthy worker eVect has influenced the results in the Copenhagen Male Study, all analyses were repeated excluding this subpopulation. None of the results were aVected.
Discussion
The main new finding of this large prospective study of almost 25 000 people, was that familial predisposition to MI does not consistently change the eVects of most established cardiovascular risk factors on risk of MI.
As in most other studies, arterial blood pressure, % cholesterol, HDL cholesterol, LDL cholesterol, % triglycerides, smoking = Log relative risk. *Adjusted for age and population study of origin. †Adjusted for age, population study of origin, body mass index, and current smoking. ‡Adjusted for age, population study of origin, and body mass index. §Adjusted for age, population study of origin, and educational level. ¶Adjusted for age, population study of origin, and current smoking.
a Adjusted for age, population study of origin, current smoking, and weekly alcohol intake. habits, diabetes mellitus, alcohol intake, physical activity in leisure time, height, BMI, and educational level were clear risk factors for MI. [20] [21] [22] [23] [24] [25] [26] There was a simple dose response relation between each of these risk factors and risk of future MI of the same strength in subjects with and without a family history of MI.
Figure 1 The interaction between family history of myocardial infarction (MI) and HDL cholesterol. The log relative risk ( ) of future MI by family history of MI and increasing HDL cholesterol (in quartiles). In men, there is a significant interaction between family history of MI and HDL cholesterol (p<0.001) indicating that the decreasing risk of MI with increasing HDL cholesterol may be apparent only in men without a family history of MI. In women no interaction was observed.
INTERACTION ANALYSIS
A family history of MI is a well established risk factor for MI. 1-5 27 All the risk factors dealt with in this article tend to aggregate within families because of shared genetic and/or environmental influences. 28 This study investigates the possible synergism or antagonism between these influences. Few studies of risk of MI have, however, investigated interactions between cardiovascular risk factors and family history of MI, probably because it requires long follow up time and a relatively large number of cases.
In agreement with the results in this study, other studies have reported no interaction between family history of MI and systolic blood pressure level, and between family history of MI and % cholesterol level.
1 27 29-31 In a study by Khaw et al, the risk of cardiovascular death in men with high systolic blood pressure or high % cholesterol was significantly higher in men without a family history of MI than in men with a family history of MI. 31 A similar trend, although not statistically significant, was found in women by Khaw et al, and still no significant interactions were found in either men or women. 31 The decreasing incidence of MI with increasing HDL cholesterol was apparent in women, irrespective of family history, but only in men who had no family history of MI. Two cross sectional studies have investigated possible interactions between family history of MI and HDL cholesterol in MI cases. 24 32 In the study by Rossouw et al, there was no interaction between family history and HDL cholesterol in either women or men. Simons et al found a diVerent interaction between a family history of MI and HDL cholesterol in subjects with MI (case-control study). They found the opposite eVect, namely that HDL cholesterol was a significant predictor of MI only in subjects with a family history of MI. 24 The findings regarding this interaction have been few and conflicting, and should be explored further in other large prospective studies.
The lack of interaction between family history of MI and obesity, and between family history of MI and diabetes mellitus found in our study, is in accordance with other results.
1 29 31 We are not aware of other reports assessing interaction between family history of MI and LDL cholesterol, between family history of MI and height, and between family history of MI and % triglycerides.
In agreement with our study, other investigators have found no interaction between family history of MI and current smoking. Moreover, we also did not find any interaction between family history of MI and other aspects of smoking habits (except for inhalation, see below). Two case-control studies have reported interaction between current smoking and family history of coronary heart disease. 29 33 However, in both studies, interactions were compatible with a multiplicative eVect rather than a modifying eVect of family history of MI. In a prospective study by Khaw et al, the RR of cardiovascular death was 2.3 times higher in smoking subjects with a family history of MI compared with smoking subjects without a family history, and the RR of a family history of MI on cardiovascular death diVered in smoking and non-smoking subjects. This indicates interaction between family history of MI and current smoking. 31 Their study was based on a smaller study population and a shorter time of follow up than ours. Still, the diVerence between the results in our study and the study by Khaw et al is unclear, but it is unlikely to be caused by diVerences between percentage of smokers or diVerences in the severity of the outcome.
In this study, we found an interaction between family history of MI and inhalation in both women and men. In women, family history of MI reinforced the eVect of inhaling, whereas, in men, a family history of MI dampened the eVect of inhaling. To our knowledge, this is the first study to investigate such interaction, and to exclude that these inconsistent results are chance findings they have to be assessed in other studies.
In men, we did not find any interaction between family history of MI and alcohol intake on incidence of MI, whereas in women, we found a negative interaction. This indicates that the beneficial eVect of alcohol intake in women may be less in subjects with a family history of MI compared with subjects with no family history. Fuchs et al 34 investigated all cause mortality at diVerent levels of alcohol consumption in women who had one or more cardiovascular risk factors, including MI in a parent less than 60 years of age. They found that the benefit associated with light to moderate alcohol intake was most apparent among women with risk factors for coronary heart disease, but no significant interaction between mortality associated with alcohol intake and coronary risk factor status. Even though the results seem to diVer, it is diYcult to compare our study with the study by Fuchs et al.
LIMITATIONS
This study has certain limitations that have to be considered in the interpretation. These can be divided into limitations related to the risk factors and limitations related to the outcome.
Limitations related to the risk factors
Information on some of the risk factors was based on self reports. The implicit measurement inaccuracy may diminish the associations. 35 However, in this and several other populations, all self reported risk factors, including family history of MI, were strong and significant predictors of future MI, 3 21 23 27 36 which suggest that there are no major random misclassification. Studies of self reported family history have shown diVerent validity. [37] [38] [39] In a study by Greenlund et al, parental cardiovascular disease could not be verified in 14% of cases by interviewing parents or next of kin. De Backer et al found that more than half of the university students who reported occurrence of MI in parents less than 55 years, proved to be unreliable, whereas Kee et al found self reported family history of MI to be almost as predictive of the estimated incidence of MI as the validated family history of MI, and the accuracy of self reported family history was almost equal in MI cases and controls. 39 The kind of data that we have had available are likely to be similar to those that can be obtained in routine surveys and clinical practice.
Ideally, the analyses should take into account the age specific incidence of MI in both the subjects and their parents. In our study, we assumed that younger subjects, on average, have younger parents. We found that the importance of a family history decreased with age, suggesting that the familial component (genetic or shared environment, or both) may be more strongly expressed in early MI. However, although non-familial environmental factors have more time to operate by advancing age, familial factors may also be involved in MI occurring at an older age. Repeating the interaction analysis including only younger subjects did not change any of the results.
During follow up some of the subjects' parents will develop MI. Lacking information about this may dilute our results because of subsequent misclassification of subjects.
Exclusions of participants who did not say if their parents had suVered a MI, may have introduced information bias, which seems unlikely: firstly, the baseline characteristics of responders and non-responders were almost the same. Even though some diVerences existed in HDL and alcohol in non-responders compared with responders to the question, it is not likely to have influenced the results as information bias requires both a diVerent distribution of the risk factors and a diVerent distribution of family history of MI. Secondly, subjects not answering the questions on family history of MI did not experience any excess MI incidence as compared with those without a family history. Thirdly, the incidence of MI did not diVer when non-responders were included in diVerent ways. Fourthly, the incidence of MI in subjects with a family history of MI was almost the same, independent of the definition of familial predisposition.
Limitations related to the outcome These pertain to misclassification only. Our end point was defined as ICD-8 diagnosis number 410, and included both fatal and nonfatal MI. It is possible that some MI cases have been coded under another diagnosis, for instance ICD-8 diagnosis numbers 411-4, 427 or 795-6 (sudden death), and hereby weakened the results somewhat. However, the register information is fairly accurate. In Denmark, all deceased residents are registered centrally and coded in a standardised manner by trained personnel using data from death certificates and any available necropsy reports. Studies of validity of the registers have shown that they include between 89 and 99% of clinically manifest MI. 36 40 42 Clinically unrecognised MIs were also not registered. This leads to an underestimation of the MI incidence, both in those subjects excluded from the analysis, and in the familial occurrence. It is well known that people with hypertension and diabetes mellitus have an increased risk of silent myocardial infarction. 43 As both conditions are, at least in part, genetically determined, this may cause some familial aggregation of unrecognised MI.
Conclusions
Our findings provide compelling evidence that there is no consistent and significant interaction between a family history of MI and the cardiovascular risk factors in their influence on incidence of MI. We did, however, find a significant interaction on incidence of MI between family history of MI and HDL, but in men only; between family history of MI and alcohol intake, but in women only. These findings are in conflict with existing studies. We also found a significant interaction between family history of MI and inhalation in both women and men, but in opposite directions.
Because of the inconsistent findings we are reluctant to accept the contention that subjects with a family history of MI are more susceptible to the eVect of other cardiovascular risk factors than subjects with no such history.
In this study, the RR of MI was increased in both women and men with a family history of MI as compared with subjects with no such history. Because of this excess risk, and because there is a clustering of several multiplicatively operating cardiovascular risk factors in subjects with a family history of MI, it may still be relevant to delinerate this group as an appropriate target group for screening and intervention for cardiovascular risk. However, our study demonstrated that a family history of MI does not reinforce the eVect of the individual risk factors. 
